Introduction
Sustainability concerns are an essential part of the operations in food supply chains. This paper focuses on the economic and indirectly the environmental dimensions of sustainability by investigating food waste metrics. It is estimated that 25%-35% of all food produced ends up as food waste (Kummu et al. 2012; Parfitt, Barthel, and Macnaughton 2010) . Food waste is not only an indication of economical loss in the phase where it is discarded. It also indicates that natural resources such as soil and water has been wasted at the farm gate level and 2 unnecessary pollution has been added to the environment from transportation along the supply chain (Bourlakis et al. 2014; Gerbens-Leenes, Moll, and Uiterkamp 2003; Maloni and Brown 2006) .
Ten to twenty percent of all food waste occur at the retailer phase (Kummu et al. 2012; Parfitt, Barthel, and Macnaughton 2010) . This wastage is often explained by the increasing variety and volume of fresh food products on display, a poor understanding of demand, low transparency, inadequate replenishment decisions and forecasting difficulties in a push system (Kaipia, Dukovska-Popovska, and Loikkanen 2013; Mena, Adenso-Diaz, and Yurt 2011) .
Also, if products arrive at the stores with a too short remaining shelf life the risk that the products may expire is higher either in the store or after the consumer takes them to their home (Kaipia, Dukovska-Popovska, and Loikkanen 2013; Mena, Adenso-Diaz, and Yurt 2011) .
The replenishment decision in food supply chains is challenging because the limited shelf life require the products to move quickly from the primary producer to the end consumer, and limits the possibility of using buffer inventories (Hübner and Kuhn 2012; Kaipia, Dukovska-Popovska, and Loikkanen 2013) . Also, the increasing product variety (Trienekens et al. 2012 ) and non-stationary demand throughout the week (Taylor and Fearne 2009 ) makes replenishment decisions difficult to manage. The replenishment is central for the performance of food supply chains as it balances availability on one side and the risk of food waste on the other. If too few products are ordered the stores risk a stock out and if too many are ordered the products may end spending too much time in store reducing remaining shelf life and worst-case end up being wasted.
It is estimated that half of the food losses can be prevented through better supply chain management (Kummu et al. 2012) . In this regards one highly recommended remedy is better information sharing and improved replenishment decisions (Kaipia, Dukovska-Popovska, and 3 Loikkanen 2013; Mena, Adenso-Diaz, and Yurt 2011; Taylor and Fearne 2009) . Specifically, Mena et al. (2014) propose that improved transparency of demand information upstream in the supply chain can help reduce food waste (Proposition 1b, p. 152).
To benefit from information sharing the key element is not only the information shared but also how the information is utilized by the receiving company (Baihaqi and Sohal 2013; Jonsson and Mattsson 2013; Barratt and Oke 2007) . In food supply chains shared information is often utilized for replenishment decisions through an automated replenishment program (ARP) (Van Donselaar et al. 2010 ). The information is used to gain insight into demand and inventory levels in order to improve the replenishment decision. Theoretically, it has been demonstrated that this type of information sharing and replenishment method has a positive impact on supply chain performance such as reduced uncertainty, reduced bullwhip, reduced inventory levels or increased forecasting accuracy (Lee, So, and Tang 2000; Disney and Towill 2003; Aviv 2001; Costantino et al. 2015; Titah, Shuraida, and Rekik 2016; Kelepouris, Miliotis, and Pramatari 2008) . Average performance improvement of information sharing has been reported to 1.75% (Chen 1998 ) and 2.2% (Cachon and Fisher 2000) .
However no studies have investigated the impact of these replenishment methods from a sustainability perspective. The reported performance increase varies substantially between studies and may be explained by different contingency factors such as different demand patterns, batch sizes and lead times (Jonsson and Mattsson 2013; Ketzenberg et al. 2007 ).
Automatic replenishment programs are enabled by an increased amount of shared information between the supply chain partners. This increased transparency makes it possible to coordinate replenishment decisions more effectively and synchronize orders to balance availability and food waste metrics. However, empirical research comparing the impact of ARP on food waste metrics and other possible contingency factors is very limited in previous 4 research (Kaipia, Dukovska-Popovska, and Loikkanen 2013) even though it is expected to have a positive impact (Mena et al. 2014) .
In this study, we empirically investigate the impact of ARP on food waste metrics in grocery stores in Norway. Specifically, we compare food waste levels and remaining shelf life at grocery stores by analyzing two situations: (1) when orders are placed manually and (2) when ordered are placed through an ARP system. We do this within a case study of a large
Norwegian grocery retailer. The findings add to the research literature within this specific area specifically using a sustainability perspective.
The remainder of this paper is organized as follows. Section 2 contains a review of relevant literature for automatic replenishment programs in food supply chains. Section 3 argues for the selected case study methodology used in this study, provides a description of the cases and explains how the data has been collected and analyzed. Section 4 presents the analysis and results. In Section 5 we discuss the findings and conclude where an agenda for further research is also presented.
Automatic replenishment in food supply chains
To increase interfirm coordination and improve the replenishment process a number of sophisticated supply chain practices known as automatic replenishment programs (ARPs) have been developed during the last decades (Yao and Dresner 2008; Arshinder, Kanda, and Deshmukh 2008; Daugherty, Myers, and Autry 1999; Sabath, Autry, and Daugherty 2001) .
Automatic replenishment programs include Efficient Consumer Response from the food industry (Kurt Salamon Associates 1993), Quick Response (Daugherty, Myers, and Autry 1999) , the Continuous Replenishment Program, and Vendor Managed Inventory (Yao and Dresner 2008) . The logic within these ARPs is often implemented directly into the company's ERP system or as an add-on to facilitate the replenishment process.
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Essentially, the ARP calculates an order proposal for each item for each store based on certain transactional information from the stores, such as point of sales (POS) data, waste data and master data such as review periods and batch sizes. The order is a proposal which can be accepted or overruled by the store management (Van Donselaar et al. 2010) . However, in either case it increases the transparency for the wholesaler and enables the wholesaler to compute an estimate for future (aggregated) orders.
More specifically, the ARP functions by sharing very fine data (high granularity per stock keeping unit (SKU) level with the wholesaler's data warehouse. At the wholesaler, the POS data is used to identify seasonal and other sales patterns and generates a forecast until next delivery (where the next delivery is determined based on the lead time and the ordering frequency). The sum of this forecast and the minimum inventory level becomes the order-upto level for the store for those particular products. The minimum inventory level is included to create an appealing shopping experience by having a minimum number of facings of a giving product (Van Donselaar et al. 2010 ).
If the current inventory level at the store is below the order-up-to level an order proposal is generated by computing how many batches the store needs to raise the inventory level up or above the order-up-to level. The current inventory level at the stores might be an estimate based on previous amount delivered to the store, amount wasted and the POS data.
The elements for computation of the suggested replenishment quantity to the stores can be summarized as: i) ordering frequency ii) lead time iii) batch size iv) minimum inventory level v) POS data (to generate a forecast) and i) current inventory level (Van Donselaar et al. 2010) .
Characteristics specific for the food sector such as shelf life and perishability is thus not included when the automatic replenishment program computes the replenishment quantity (Van Donselaar et al. 2006; Van Woensel et al. 2007 ). However, inventory policies which include these aspects have previously been proposed (Bakker, Riezebos, and Teunter 2012; Broekmeulen and van Donselaar 2009; Ferguson and Ketzenberg 2006) .
The role of information sharing in automatic replenishment
A key element of ARPs is the use of an increased amount of shared information from the stores to enable better decision making (Yao and Dresner 2008; Lee, So, and Tang 2000) .
Information sharing is often listed as one of the key features for effective coordination and performance improvements in supply chain management (Arshinder, Kanda, and Deshmukh 2008; Ganesh, Raghunathan, and Rajendran 2014; Cooper, Lambert, and Pagh 1997; Kembro, Selviaridis, and Näslund 2014) . Several studies have quantified the impact of information sharing by analytical and numerical calculations in a two level dyadic or divergent supply chain (Aviv 2001; Lee, So, and Tang 2000; Raghunathan 2001; Yu, Yan, and Edwin Cheng 2001; Cachon and Fisher 2000; Jonsson and Mattsson 2013; Gavirneni, Kapuscinski, and Tayur 1999) and with multiple echelons (Wu and Cheng 2008; Chen 1998; Ganesh, Raghunathan, and Rajendran 2014; Rached, Bahroun, and Campagne 2015) .
Some studies indicate a high impact on performance by sharing information while others are more conservative due to particular contingency factors (Jonsson and Mattsson 2013; Ketzenberg et al. 2007) . Borrowed from contingency theory (Donaldson 2006) , the underlying idea is that certain factors influence the impact of information sharing . Or in other words, how certain strategies of information sharing fits different circumstances (Vanpoucke, Boyer, and Vereecke 2009) . Table 1 summarizes some of the typical factors found in the literature that moderates the impact of information sharing.
However it should not be considered as an exhaustive list. Some of the factors still lack empirical evidence and the identification of other potential contingency factors is still an open research topic (Ketzenberg et al. 2007; Giard and Sali 2013; .
Nevertheless, as ARPs are enabled by information sharing it is crucial to consider these factors when evaluating how ARP influences the performance of the company. Lee, So, and Tang (2000) observed that the impact of information sharing increases as the coefficient of variation (CoV) of demand increases while Chen (1998) and Ketzenberg et al. (2007) found the opposite conclusion.
Demand pattern Jonsson and Mattsson (2013) and Gavirneni, Kapuscinski, and Tayur (1999) finds that the impact is dependent on the demand type (trend, seasonal, or promotional). E.g. sharing forecast has a higher impact than sharing POS data if demand is promotional.
Order quantity Moinzadeh (2002) and Gavirneni, Kapuscinski, and Tayur (1999) found the highest impact of information sharing when the order quantity had moderate values compared to mean demand. If the order quantity is very large the supplier needs to start building inventory over time to accommodate demand. Thus, frequent insight into either customer demand or inventory level will only have a negligible influence on how production is planned at the supplier. On the other 8 hand if the order quantity is very small orders are placed so frequently that the order itself provides sufficient information about customer demand and inventory level (Moinzadeh 2002; Gavirneni, Kapuscinski, and Tayur 1999) .
Length of supply chain
The length of the supply chain can be understood as a combination of the number of echelons and the lead time between them. A general finding suggests that the impact of information sharing is higher for longer supply chains than shorter supply chains (Chen 1998; Lee, So, and Tang 2000; Moinzadeh 2002; Ganesh, Raghunathan, and Rajendran 2014; Jonsson and Mattsson 2013) . Raghunathan, and Rajendran (2014) found that the demand pooling effect of product substitution decreases the impact of information sharing. i.e. if the effects of product substitution (demand pooling) is already included in the planning process, the additional impact of information sharing will be reduced especially further upstream in the supply chain.
Evaluating the impact on sustainability
Sustainability is often understood to consist of an economic, environmental and social dimension (Seuring and Müller 2008) . However, we restrict our attention to evaluate the impact of ARP on food waste, remaining shelf life and availability and argue in the following why these are essential measures in food supply chains.
Firstly, in food supply chains food waste is often reported as the most important measure (Bourlakis et al. 2014; Gerbens-Leenes, Moll, and Uiterkamp 2003) . A high level of 9 food waste indicates that too many products were available, there is a loss in economic value and a waste of natural resources (Van Der Vorst 2006; Kummu et al. 2012 ).
Secondly, products should have a long remaining shelf life at the stores in order for consumers to buy them (Göbel et al. 2015) . Longer remaining shelf life may be assumed to reduce food waste as consumers have more time to consume the products (Kaipia, DukovskaPopovska, and Loikkanen 2013; Van der Vorst et al. 1998) . Additionally, Little's law explains that if products reach the store with a longer remaining shelf life, the work in process inventory along the supply chain have been lower. Therefore, in food supply chains the remaining shelf life of products can act as a good proxy for work in progress inventory and clearly act as a measure for product quality (Van Der Vorst 2006).
Thirdly, high availability in stores is important to avoid lost sales. In practice product availability is prioritized above food waste by using high stock levels (Mena, Adenso-Diaz, and Yurt 2011) and is mostly measured at the warehouse and very rarely at the store (Aramyan et al. 2007 ). Therefore, a decrease in food waste at the stores and an increase in remaining shelf life is seen as an increase in performance, as availability most likely would not have been compromised.
Research design
The aim of this study is to empirically explore the impact of automatic replenishment programs on food waste metrics in a number of grocery stores in Norway. Based on the literature presented in Section 2, we expect to observe a lower level of food waste and a longer remaining shelf life as a result of replenishing through an ARP compared to manual replenishment.
We conduct a multiple case study approach with two cases -where the unit of analysis is the replenishment process (Yin 2013) . Thus, one case where stores manually replenish products from the warehouse and one case where stores are replenishing products through an 10 ARP. The case study method is particularly strong for in-depth exploration of new phenomenon and causal mechanisms (Yin 2013 ) and as such is an appropriate method for our study. Furthermore, the use of case study research enables us to study the phenomenon in its natural context and make good use of the existing experiences (Barratt, Choi, and Li 2011) .
Case studies are known for investigating past or current phenomena and draws on multiple sources of evidence, such as interviews, quantitative data and observations (Voss, Tsikriktsis, and Frohlich 2002) . This allowed us to investigate transactional data and to assess the food waste levels and the remaining shelf life, as well as in-depth understanding of the context and how the cases differs and operates.
Data selection process

Retailer selection
The study involves a large Norwegian grocery retailer consisting of a warehouse unit and a unit of fully owned stores offering a full range grocery assortment consisting of dry, frozen and fresh food products. The retailer was selected for two main reasons: (1) they are using both manual replenishment and ARP among its own warehouses and stores -making it possible to establish and compare two cases within the same retailer (Voss, Tsikriktsis, and Frohlich 2002) . The material and information flow of these two replenishment methods are outlined in Figure 1 . (2) A high level of trust between the researchers and the retailer had already been established through previous and on-going research activities -making it possible to get access to rather sensitive data and use snowball sampling to connect with key personnel for interviews (Patton 2002 Figure 1 . Flow of information and materials in the two replenishment methods
Case selection for investigating the impact on food waste
To compare the two replenishment methods it is essential that other factors that may influence food waste or remaining shelf life be kept constant in order to isolate the impact of the replenishment method. Table 1 presents several factors which have been identified to influence the impact of information sharing -as the ARP is enabled by information sharing these factors should be kept constant. Additionally, it has been reported that the batch size and the ordering frequency can influence food waste levels (Eriksson, Strid, and Hansson 2014; Van der Vorst et al. 1998; Chabada et al. 2015) . Thus, the following selecting criteria were established to identify stores and products:
• The stores should be of the same size (physical size, opening hours, assortment, prices, campaigns, turnover and number of employees), thus experience similar demand uncertainty, demand type and substitution.
• Ordering frequency and lead time (time from ordered to delivered) should be the same to avoid influence on food waste
• Distance to the warehouse should be within one hour
• All stores have all products supplied from the same warehouse with the same batch size.
• A minimum of five stores should order the specific product with manual replenishment and a minimum of five stores with should order with the ARP i.e. a minimum 10 stores should carry the same product. These selection criteria were chosen to ensure that the data did not include any single extreme observations which may disturb the results.
We identified 21 stores and 54 products within those stores which fulfilled these criteria. One store may order some products manually and other products through an ARP, so it is not possible to completely place the stores in either the manual case or the case with ARP, this has to be done on a store product level. ie. if product A from store AA is ordered manually that particular observation (of sales, waste and shelf life) belongs to the manual case. By contrast, if product B from store BB is ordered through the ARP that observation belongs to the case with automatic replenishment. The characteristics of the two cases, i.e. the two replenishment methods are outlined in Table 2 . 
Case selection for investigating the impact on availability and remaining shelf life
To take advantage of the case study method daily observations at two stores (out of the 21) were selected to record the remaining shelf life and availability of four products. The researchers visited these stores which also allowed for interviews with the personnel and mapping of the replenishment process. The stores and products were selected based on:
• Good reputation of the stores from the retailer (performance and willingness to collaborate)
• One store which mainly ordered with ARP and one that mainly used manual replenishment.
• Products from different product groups and with different length of shelf life to observe potential stock-outs or changes in remaining shelf life.
Data collection process
Total sales and waste data (SKU level) were collected for all 54 products for a nine month period, while the daily manual observations were conducted for a two week period. At each daily observation the inventory level including eventual stock-out situations and expiration date for the four products were recorded. Due to the time consuming nature of visiting each store every day this data collection was only possible for a limited number of stores for a twoweek period.
Interviews were conducted both in the stores and at the warehouse. These interviews were conducted as semi-structured interviews to understand the identified elements from Section 2 (order frequency, lead time, forecast procedure, inventory policy, etc.) in regards to the two different replenishment processes. Insights into how the performance was perceived of the two replenishment methods were also obtained both at the warehouse and at the stores. Work experiences of the interviewees ranged from 2 years to 10+. Each interview lasted between 1-3 hours and was performed by a minimum two of the authors. Directly after the visit, the interview was documented in field notes and summarised by the researchers. Subsequently, it was sent to the company for approval and verification as well as discussed in small workshops which served as a platform for confirming and reconciling the interpretations. Table 3 summaries all collected data. 
Impact on food waste
The data records of the 54 products (see Table 3 ) were grouped according to their shelf life as a higher food waste level was expected for products with short shelf life and less for products with long shelf life (Mena, Adenso-Diaz, and Yurt 2011). The groups (see Table 4 ) were formed based on the criteria of having the same range within each group (in this case ranges of 20 days) while at the same time not having too big a dispersion of the number of observations and number of products within each group. However, the first group (20 to 30 days) was used to separate products which in the literature are known as fresh food products with shelf life below 30 days (Van Donselaar et al. 2006 ). Due to confidentiality reasons any individual product cannot be presented with waste and sales information. 
Impact on availability and remaining shelf life
The daily observations of the four products (see Table 3 ) were used to assess the on-shelf availability and calculate the average weighted remaining shelf life. The four products of minced meat, cold cuts, butter and grated cheese were selected to have products with a wide array of shelf life. (2) Number of units (1) x (2) Average weighted remaining shelf life = 9710 / 134 = 72.5 days
Analysis and results
The following two sections present the results from the quantitative data analysis together with findings from the interviews. The first section is devoted to analysis of the impact on food waste while the second section presents the findings related to availability and remaining shelf life. Figure 2 illustrates the average food waste percentage for the six shelf life groups from Table   4 . The collected data did not include any products with a shelf life below 20 days. The solid black line shows the food waste for products replenished manually while the dotted black line represents food waste for products replenished using ARP. Across all shelf life groups, the average food waste for products ordered manually is 7.3% compared to 6% for products ordered with ARP.
The impact of ARP on food waste
During the interviews, the responsible employees for the ARP and forecasting explained that an internal pilot study was conducted before rolling out ARP. During that pilot study it was observed products with a shelf life below 20 days should be kept for manual replenishment as it resulted in inadequate order proposals. This also explains why the collected data did not include any observations of products with shelf life below 20 days. ARP is biggest for those shelf life groups where the food waste is highest. There is a small improvement for product groups with shelf life between 31-50 days and above 110 days, however the improvement for products with shelf life between 51 and 110 days is a reduction of more than 20% (2% points) for these three groups. In other words, the impact of ARP appears to be dependent on product characteristics such as shelf life. The collected data was total sales for nine months and it was not possible to describe nor investigate the influence of other characteristics as e.g. demand patterns or demand uncertainty. However, as elaborated in table 1, other factors may influence the impact of information sharing and should be further investigated based on empirical insights. Figure 3 shows the average weighted remaining shelf life for the four products for the two different replenishment methods. The grey line represents products ordered manually while the black line represents products that are ordered with ARP. A clear tendency of a longer remaining shelf life, or better freshness, for products that are ordered with ARP can be observed. Across the four products, the remaining shelf life is 5.2% higher for products ordered with ARP compared to products ordered manually.
The impact of ARP on availability and remaining shelf life
The difference between the two replenishment methods increases in a similar pattern to what was observed in Figure 2. i.e. for products with a medium-long shelf life (not remaining shelf life but the prescribed shelf life from production to expiration date, e.g. butter and grated cheese) the improvement is higher than for products with a short shelf life (e.g. In the two week period of data collection the shelves were never observed to be empty and some products even had extra stock in the backroom of the store. This indicates a high level of availability for both replenishment methods. Additionally, it was noticed in the interviews that, based on the results from the retailer's own internal pilot study, stores with ARP experienced a 2-3% increase in availability (assuming that the stores had a yearly turnover of 1.2 million euro to ensure a satisfactory inventory turnover and stability for using ARP).
Also, from the interviews it was confirmed that for ARP to function it requires high quality data, e.g. it is important that the number of products on the shelves is aligned with the information in the system. Poor quality data would result is inadequate order proposals from the ARP. As a result, store managers have the option to overrule the order proposal from the Compared to manual replenishment the store managers explained that ARP required less experience and training and highlighted how this was apparent during sick leave and vacations where manual replenishment was challenging. The warehouse manager also added that using ARP makes the replenishment process more standardized. Ideally, this would result in a more consistent experience (related to availability and remaining shelf life) for the consumers across stores.
Discussion and conclusion
The aim of this study was to empirically explore the impact of automatic replenishment on food waste and remaining shelf life in a Norwegian grocery store chain. The study contrasted manual replenishment method with an automated one. The study demonstrated that the use of automatic replenishment has a positive impact on reducing food waste and increasing remaining shelf life of some food products. The improvement from automatic replenishment is highest for products with a shelf life between 51 and 110 days where the food waste reduction exceeds 20% (2% points) for the products analyzed. Unexpectedly, this group also represents the products with the highest food waste levels in the study. It was expected that the very fresh product category (shelf life below 30 days) had the largest waste levels as these products are highly time sensitive and are commonly known for having high food waste (Mena, Adenso-Diaz, and Yurt 2011; Kaipia, Dukovska-Popovska, and Loikkanen 2013) . The waste level for the products with a long shelf life were low as expected, but it is somewhat interesting that the utilization of automatic replenishment did not seem to have a significant impact on food waste for this group.
The discussion of these results is separated into three main subsections. First, we discuss how the findings can extend the current body of knowledge of automatic 22 replenishment and information sharing and how it affects sustainability measures. Afterwards we focus on the financial impact and place the findings in a managerial context to assess its implications. Lastly, we discuss the limitations of this study and propose important paths for future research.
Extension of literature
It has been proposed that increased information sharing of demand information upstream in the supply chain could contribute to decreased food waste in the supply chain (Mena et al. 2014 ). Also, empirical research establishing and investigating the relation between information sharing and performance is scarce (Baihaqi and Sohal 2013; . This study used an automatic replenishment program as a proxy for information sharing and investigated how it affects performance of certain sustainability measures.
We empirically investigated the relation between the use of automatic replenishment and food waste metrics in grocery stores. The findings suggest a positive relationship although modest in size. The impact may be as high as 20% for certain products, which can be used as an initiative for stores to engage in (more) information sharing activities. The findings add to the limited amount of literature which investigates how information sharing impacts food waste and the remaining shelf life. Similar to Kaipia, Dukovska-Popovska, and Loikkanen (2013) the findings show an improvement in both performance measures and supports proposition 1b by Mena et al. (2014) . Table 1 highlights how the impact of information sharing has been previously discussed to be dependent on certain contingency factors. If information is shared and used through an automatic replenishment program in a food context, Figure 2 and 3 suggests the impact of shared information depends on the shelf life of the product. The interesting question is why 23 this dependency appears. A plausible explanation is that the POS and waste data do not provide sufficient information to support the complexity for replenishing products with a short shelf life. Here, additional information such as remaining shelf life, quality, appearance or an estimate of one of these might be necessary to share as well to improve the replenishment decision. This type of information is available with manual replenishment, thus there is a more complete picture of how the situation is, and could explain why it performs better for products with a shelf life between 20-30 days. When the shelf life is medium to medium-long (see Figure 3 ) it gets less complicated to make the replenishment decision and
here POS data and waste data can be of great value for making replenishment decisions. For products with a long shelf life the replenishment decision might have little impact on the level of food waste and improving the replenishment decision for these products may therefore not show up as less food waste.
The dependency of shelf life for some products adds to the theoretical understanding of information sharing in supply chains. It has been proposed in numerous studies that the impact of information sharing is dependent on several factors, such as demand uncertainty, lead times and order quantities. However, this study proposes a new additional contingency factor by suggesting that, in a food context, the value of shared information is dependent on the shelf life of the products.
From a sustainability perspective, the findings indicate that the use of automatic replenishment contributes to a more sustainable food supply chain with less food waste and provides consumers with fresher products without harming availability. Obviously, reduced food waste is an economical gain for the companies involved in the chain, but reducing food waste at stores and improving remaining shelf life at consumers will, over time, require less food to be produced and transported from the primary producers to the final consumer. This contributes to a preservation of natural resources and limits the impact on the environment.
Managerial and financial implications
From a managerial perspective, the findings highlight that food waste is not only an issue for products with a shelf life below 30 days but also for products with medium to long shelf life.
The use of an automatic replenishment program is a valuable remedy for decreasing food waste at stores for products with medium-long shelf life while maintaining the availability of products.
By using an automatic replenishment program the stores were able to obtain a 5.2% improvement in freshness and 1.3% lower food waste. An average reduction of food waste of 1.3% might not sound substantial and practitioners may find the impact too small to act upon.
However, it should be taken into account that this is a net loss in profit for the individual store. If put into a broader context, namely the Norwegian grocery market, it becomes more interesting. The total profit in 2014, of the three largest grocery retailers in Norway, was 366 million Euro and a total turnover of 16,775 million Euro giving an average earning of 2.2%. If the 1.3% waste could be eliminated this would potentially increase the average earnings to 3,5%. In other words, an increase in profit with another 218 million Euro to a total of 584 million Euro in profit (some of the savings is of course already realized as some stores have implemented automatic replenishment). Additionally, savings for transportation, energy, water and cropland up through the supply chain is possible. Through better transparency the wholesaler would also be able to improve its own inventory performance (not just at the stores) an improvement that previously has been reported to be between 1.75% and 2.2% (Cachon and Fisher 2000; Chen 1998 ).
Overall, the results indicate that it is beneficial to utilize automatic replenishment for replenishment decisions in the food industry. However, some differentiating or tailoring of the replenishment system is needed for products with a short shelf life. Additionally, proper governance structures should be formulated for the ownership of the shared data, especially if the retailer and the wholesaler are two independent companies. If multiple retailers use the 25 same wholesaler a neutral third party company could be introduced to receive the information and handle the automatic replenishment program. This will reduce the risk of competitors getting access to sensitive data.
Limitations and further research
The study has several limitations that should be used to guide further research. The study only includes a limited number of products for investigating the impact on availability and remaining shelf life in food stores in Norway. However, the small sample suggests that there is a possible improvement and for future research this should be scrutinized further with more products and a longer time period.
It has previously been highlighted how different demand patterns may influence the impact of information sharing. This could be further investigated for new empirical insights.
The collected data in this study was the total sales for nine months and therefore a further analysis of demand patterns was not possible. Likewise, the data did not include products with a shelf life below 20 days. It should be investigate if sharing point-of-sales and waste data for these more perishable products are sufficient or if sharing more detailed information are needed and profitable to improve the replenishment decision (Huang, Li, and Ho 2015) . This additional information may include inventory levels with remaining shelf life or estimated remaining shelf life based on temperature log (Ketzenberg, Bloemhof, and Gaukler 2015) .
This type information could not only be used for establishing more advanced inventory policies (Cannella, Ciancimino, and Framinan 2011; Cannella 2014; Costantino et al. 2015) , but also used to make suggestions for highly relevant initiatives such as timely markdowns, shop by shop promotions or trans-shipments between nearby stores on the same delivery route.
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Substitution among products may also be an important factor to consider for improving the replenishment decision further (Ganesh, Raghunathan, and Rajendran 2014) . If the products are ordered manually, the manager may choose to order less of one specific product if he observes a high stock level of a substituting product with short remaining shelf life (in order to sell this first). The system that utilizes the shared information does not have this possibility and controls each product individually and will react more slowly to substitution signals. This is further supported by Van Woensel et al. (2007) who suggest that automatic replenishment for perishable items with short shelf life should be separate for non-perishable products and include the substitution effect.
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